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A NOVEL PHOSPHOPROTllN 



The present invention relates generally to cancer therapy and cancer diagnostics and to 
agents useful therefor. More particularly, the present invenU 

& r : - V 1 ^ Jp^dej^j^^^ v -. , 

..... presence or absence of an expressible, 

timorigenesis-related gene encoding the phosphoprotein. Such diagnostic agents are useful 
in determining the likelihood of deveioprnent of a tumor in a ver^feale Mimaf suCri 

K - ; 15^ :inv .idns^c^^^ ^ssaaawr 



DESCRIPTION OF THE PRIOR ART 



*$^lio^^ rfefetfred to byT&utfc^ are. " 

^coUected;^^ 7- ^ , ... :^,;w^™, . : ..^w : .-..V: 

Reference to any prior art in this specification is not, and should not be taken as, an 
acknowledgment or any fbrm of suggestion that this prior art forms 



-25 - 



: The increasing sogMstication of recombinant DNA technology is greatly facilitating 
research and development in the medical and allied health industries. This is i pa^culafiy 
ilfec^ein 



v.-' 5 




•w. .-. ■ . .v.-.-.-.-.- ..... ........ r ... :v v.'.^_ • — ..... .rri,:::;..: : :;-.:. 



The genetic bases behind cancer initiation and development are complex and generaHy 
involve a tidtooric^^ 

^, , . ; . : . i: -,.! 3e conducted to enable the generation of a comprehensive library of oncogenes and tumor 

suppressor genes to enable a ftffi (diagnosis or ^i^eiidd regjmm to life ii^i^OT^ ?i n^ 



The receptor tyrosine kinase ErbB2 was first identified as the mammalian counterpart of 
^ v-erbB oncogene and belongs to the f^ily of ErbB ^ 



«ER3^rbB3:^dOTi^ 
. , ^ Oygr-expression of ErbBl and ErbB2 is 

jSSSS^ 1 ?. variet y of human cancers. Of particular significance are the amplification 
™3or ovei^re^ioii of lrbB2 in uplo mi #^maiabreaii can&p^ift^ m^Ifft " : " * : " 



-^^r^^^P??^?^!^ 1 ?. '^P^P^3^8>-'^: tumQripii!?sb been established 

using mouse models. Over-expression of Neu, driven off the mouse mammary tumor virus 
' promoter, induced '^K^xmm^nr^m^M ^ae^m^^^^Smi^^ 

*v,^* . : |^ntified somatic ^ mutetiora hj n$u f resultiiig . in . 
constitutive activation of the receptor. The up-regulation of the ErbB3 protein concomitant 




also activated downstream of this ErbB heterodimer. Although downstream targets of 



The ability to detect tumors or a likelihood or predisposition of development of a tumor 
<: woi^d ^^be of great l>raefif i^ 



\0. The regulation of the FoxQ subgroup of forkhead transcription factors, consisting of 
foridiead (FKH) transcription' factors R (FKHR)^ Rtf ^^fflffilt'^'^FX Has ieiwi : 
*"* " roeffly 1^ 

^^■^ • i%ell Fas :tig^de. v 

. JEft^^ md tl^eo^ne B >jQPKB) leads . 

15 to their inactivation and sequestration in the cytoplasm by 14-3-3 scaffolding proteins, 
thereby preventmg their negative control on cell proliferation. 



. * v : teaccordai^^i1h<the preset ^vpntipni^i'npvpl jtp phosplwpFOt^n hj^-beei^W . : 

.. ,.;.yKluch .^ x ^cificgJly r^^^zpd^y a. ^phop^^HR, antibody* K is proposed that the 
20 novel protein is a useful diagnostic and prognostic target for cancer as well as being a 
validated drug target 

% • v ^ -v; ' • • ■". • . "i-. - .x^^^.^;\/^vv^^:-^,r ;> 1 ■/ - -iv ';:=:W^f^^: 




PAOpa^Ti pn>vi\20QZU5&9«7. wefcLEwpror ctoc-)l/1 2/02 



i^*-**^^** inclusio^^ or group, of elements or integers but not the 

exclusion of any other element or integer or group of elements or integers. 

. . ^ • v - : '-Uuclebtiiae : Mll jMiSho aei&S^ (S*E% : 

. * v r A§; ^<SJ^ A junn^rf the identifiers is 

provided in Table 1 . A sequence listing is provided at the end of the specification^ ' 

^ s i v*^^ in mice leads to tumor 

development. A long latency period, however, suggested that additional 
alterations were acquired during the traisfbriiiatioW process! A hoveFphS^ 
- ^ ref^ identified as; being up^ : <^m^4 

& & lines. The 

. ...... . ?P ... gen? (including cDNA) encoding FORS is referred to herein as "Fors". 

w...^ : profeii^ the ^^<gene -ofsthe expression of the 

>$ Z '^ a . :: ^j^^o fe> ,toe^. dw^l^ni^t of $ tumor and in particular a 

^^™? ai 7 ^ nior :.. Tl1 ? teim "tumor** includes all forms of cancer including sarcomas and 
carcinomas. The present invention further relates to the trdatarait of prophylaxis of a " 




3Q FORS or derivatives or homologs thereof, may be employed to screen for potential 

therapeutic agents such ^Ircm Wursk sSes ofcheiriical ot p^ti^ lirari^; " - ^ ' n - " " - 




r-w ■ ^ig^^^^ 

It is further proposed, therefore, that Fors or FORS represents a validated drug 



cDNA molecules. Such nucleic acid molecules may be useful in genetic therapy to 



. - : v;; 



• a 
or 



breast cancer, by detecting presence or levels of FORS and/or mutations 
aberrations in one or both alleles of tjSe Fors gene, or in the 

antigenic parts of FORS. Such diagnostic 
predisposition ior development or a tumor and 





^❖X.. - X.V.;.; J.. ... ..J....J... ... . ........ .... 



:-'-w-:-v-: -> : . :■, x • . v.; x. : .v.w.... ■ : : . . , ..... .. ..... . ...... . .......... 



tumor-specific 35 kD protein cross-reacts with a p^ 



5 tumors (f) and" corresponding adjacent tisisii& (AT) or norinal Marmri^lIaiSi tissue (NT) 

,:V \m&<^m^ { a«d : spp^ed by H S©§ ^| : ^l:. : \Yd§ blotted -and probed with 

^ : .^i:^ sltripping, the gel was re-probed with (B) ErbB2- 



and (C) tubulin-specific antibodies. Lysate from insulin-stimulated !~2$3T tranaMtly 



io 



kD 

.,.;- „ #/ ... ^-PS?.^ 1 ? fi i^|l5^ protein lysate was subjected to (A) free 

flow electrophoresis and (B) reverse pl^^ *.v&gs» 

f :Y * : ; ; -a* j&^hovlnEi^ samples,-; tyo. : j^tiom.,w^ y 

^ - . s ; R^P 1 ^ (?P) : Cpcmassi^ : st^ : ^f v ^qtipns jcon^hung^ the 351dD protein from SKBR3 

w^^^^JBJESff*, 1 *? 8 ^ se P arated b y CO FFE > (ii) RPHPLC and (iii) 10% w/v SDS PAGE. 
(D) Alignment of part of the sequence of QS>Y^5 (Sfi^ ID NO:2;* bind M ih tcj)WM' 
20 l^b^ 

; Figure 3 provides representations indicating that FORS is a phosphoprotein and that it is 
highly expressed in liver. (A) Ammo acid sequence of the full-length Q9Y365 (SE<Q ID 

25 ^ , . 

;.>:> : v-.^ prepared and separated by 

SDS PAGE and immunoblotted^^^ IMIf^^""^^'" 



lysdewai Io^eS'^ ^ ^-.^ 




antibody ; , and re-probed: with 2§3J whole cell, extract (WCE) 

containing transfected Flag FORS was loaded as a control (D) A commercially available 

breast and colon carcinoma cell lines. (A) Poly(A) + RNA from breast epithelial and (B) 20 
^g total RNA from colon carcinoma ceil lines w ' 

^ %t0 GAPDHel^^ w^apad^ - y 

Figure. 5 presents diagrammatic representations showing FORS expression and 
localization using a Wgfily specific purified peptide antibody! (A) Aligament of h£Snan 

•4% 15 ; ^peptide to which a FQRS-$p^ific ^ bl^iji (B):an4..:., : . v , 

PAGE. Gels were immunoblotted with purified FORS-specific antibodies #419 and/or 
M20.fo 

P^el,stow§ ; ^^^y ?BC5A?l^9? e : 

Figure 6 provides re^e^eirtations indicating the groWtli pS^ertles bl ^riiie fibrdMa^ts 

• '• : - vV; ^^^y ex^essin^^ 



■, : .'y.' .: 



te 

were plated on day 0 in duplicates in 10% v/v and 0.5% v/v serum. Cell growth was 
:< ^ assayed by adclition of MfsMirit arid Inurement of afe^c^ after2 llburs at : 490 ^ ^ 




^^Figne 7 shpws photographic representation indicating anchorage independent growth of 



fibroblasts expressing FORS. (A) 50,000 NiTOT3 

w/v top^agar^^ ?^js<^ 
4 2rfold magtufication ^ 



. : -:„ : - : -" : :: v .-. : , Y : -' \:l fx •.'V;' : : • «ftsw ,•>.% :: , 



-.*•- ' *; 



.':"V : "■"-.:.* - *.:•:'. 



V* v.;. v ,.-^- : ■■ 



:i - : .: : .:-C^ 




Table 1. 



-f^*" ..." 



SEQUENCE 


NAME 


DESCRIPTION 


1 


FORS 265- 


partial amino acid sequence of the FORS 


2 . 

•V->: '■ ••'•:.c:sfS%'f.'""'-' 


Q9Y365 


partial amino acid sequence of a predicted human 
pi otfeiitfh^edM^ elegatxs:: 
proteome (QHADSLENIDESAVAESR) 1 






p^ial aMii^ : 
FKHR (RRAASMDNNSKFAKSRSR) 1 


*' : 4 




fM-leir^^ 




^ EORS - • 


: • fuHrleng^ 

phosphoprotein 




full 


c fultlerigth amino j acid sequence of predicted -human 
protein Q9Y365 






fuM^lMgtfr 

choline transfer protein PCTP 



> 




Asparagine 

^Asp^tica 



Cysteine 



Glutamiiie: 



Glutamic acid 




Methionine 



Phenylalanine 

::;: " : -pMinr-- ; - 



Tyrosine 



ITTER 



Arg 



Asn 



Asp 



Gin 



Glu 



Gly 



His 



He 



.:.*.-*-.-• - : . < . 



Phe 



Tyr 



— — 



ONE-LETTER 



E 



G 



M 



,v,--, ■-„£. 



W 




»^ ft**.**, * ,.: - • .. . ' "• - ' - ' 

^•^iBSX/yDL£D^ESGBIPT10N OF THE INVENTION 

The present invention provides an isolated nucleic aciii molecule co^risiiig ^f^iflaB^W*^^ 

■fljqrasaio^ . 
r^^lfPW^'. ^.^^x^^^^SSi ^% ed ^ d 311(1 311 ml^A transcript 

and these are encompassed by the term "Fors". Tfiosll^^ * 
" m 

, ■ r ; t^i^Ss^ ^ *^^>^eptide* ? - ill ^tMb^cmt exfeiiiclucles proteixi: or present . 

^ft:^ ^^^ondtog ; Jo Fprs :: ^ ytp\\ jas 

nucleic ..acid, primers and probes useful for detecting Fors, aberrations in the Fors gene 
including deletions, insertions, additions and point mutations *'^'well' : ^'gtoe sfli^^xi| : '' 
e\^^ 

% ^15^ -products^ ^ ,lto£:pres^ ; ,y^ v <:v^ 

. . prpYides : ;^ or bo%.alleles of Fors or its homolog 

* deleted, mutated or its/their expression silenced. The present invention further provides 
genetically modified animals comprising Fors genes introduced Sf '€eiete^"^ch animals 
iar^^efaf^ 
' 20- ' aiid-^cancer^gents; ; 



Accordingly, one aspect of the present invention provides an isolated nucleic acid 
molecule comprising a sequence oJF riucleotiles 'encoding or coi^iM^tafy ito at ^ijuenfet : 

l< *#.:< *s acidsequence Having aHeast ^ 

As stated above, SEQ ID NO:5 represents a polypptide Expression prddtict df AffMli' - ^ 
iv> "^V incli^in'Wi^^ 

;:. x3Q - $piiBidicted-^ : h of:Q$.;G^ e^afw.jprat^me^|tti : 



^^PC^^JXUVIUOOWW?^ prov^c- 1*12/02 

:x..FORS is proposed, in accordance with the present invention, to be a tumorigenesis-related 
phosphoprotein that is over-expressed in mouse mammary tumor cells and in human breast 
carcinoma 

^ciSp^^ ^'itegfc 

a>.v::-:;,- w .:,...:: w . : above,., the term "Fors" includes a genomic gene, a cDNA molecule and an inRNA 

transcript. 

v:?*; 10 : ; acid molecule : comprising:^ ..^coding oj» qp^pl^entary : to a. : 

^^,:.r capable ^pf fiwilitatu^ inG^easin|; pr othei>idse promoting 

the development of a tumor in a vertebrate animal, said polypeptide comprising an amino 
acid seqne^ " : 

fc'^y - •. - •:• % - 15 . - s alignnieiit.v-:; = ,*^'<\ • - . *w . «*, ■ • ?* ^f'v . ! , ^ - . ■ Xfer;; - # , if . , : . .* } , ^ ; , 

As stated above, the isolated nucleic acid molecule is referred to herein as Fors: 

;:^c2^ : ^sol^e<^ 

nucleotide sequence having the identifying characteristics of Fors including a nucleotide 
sequence substantially as set forth in SEQ ID NO:4 or a part or fragment thereof or a 

" r V :> ' " ^n^&tide ^ 

Reference to "For^" includes a genomic DNA, cDNA or mRNA sequence comprising an 

- : " : ' :v ^ :; - '^r&^ '^^mmf 

Reference herein to "Fors" includes derivatives or homologs thereof. A derivative includes 




m 



y< :>>::-:■:■:•:.■: 



. a mutant, part, fragment or portion of Fors as well as any fusion derivatives such as 
formed by the fusion of one or more nucleotide sequences to the 5* or 3* terminal oortira 
of Fors or to the 5* of 3 s tei^nm'poifion ' c ^2L^^^^'ik y ^^^SM'W i i^^^^f6^W& 

: &jfatkw&h;:# 5 #dtfitiaji& ^(^^fefcnsxoc inyersionSx to *all or; part of Ears and also includes point 

/ ; 5' and: 3' untranslated 

-« " j » " A ' ' :: : V, * : " ' x ' ■ ' : '' - - •; : -- "• - •• 

regions including a promoter operably linked to Fors or a heterologous gene. 

: Y:, ...M^W^ ^l^ acid molecule wherein said first nucleic acid molecule comprises a 

nucleotide sequence which is 5* of a nucleotide sequence set forth in SEQ ID NO:4 or a 
nucleotide sequence having at feast about 40% simildfity to'SEQ H> NO:^ aftfet optifiikl 1 

: ■**. * .;. . 15 : 



menti< 



: >:-.y.* :>S 



In this embodiment, the first mentioned nucleic acid molecule is referred to herein as the 
" Fairs fromotir; The 



• :20 > 



Sel'may W ;; uWto : ''-^ 

.: - , T^f f?^ Senejnay be from an animal cell including from a. mammal, insect, reptile, fish, 
avian species, arachnid or lower older organism such as a yeast, fungus or C. e^egansl 
Most preferably, itf$''jFors gene Is' from a mairimal siicH ; as a humai! or other jwiina^i ^ 
^-Uve^ocWMimal Xesgi she^f^ig;^^ 

? 5 .:.^ (e.g. dog, cat) or a captive. 
wild animaL Most preferably, the Fpr$ gene is from a human or mouse. 

■v? fiiunah ^east oarGirioma; vedl ■ ^ frotiji: ^TGP : ;jy^^:.,:^a^Q^ v .; 

; 3.0v.^ : N^ to the human forms of the jeene 

'-• " - • ^ ' ■ • : " : ■ ..••• : :-V.:::-::. V , f i • . - • . • 

well as homologs from otlier species such as C elegans as well as a range of 



. .v.: 




•-....>.... ... • ....-::..„.;•••. 



polymoiptuc vanants aaOfor ^hop variants. 



The term **gene*H(s"iised 
■' exons -of a : geheM&eordi^ 

iw^i-jiyiCffi* frm^ptional ^and/or trapslational 

regulatory sequences and/or a coding region and/or non-translated sequences (i.e. 

- ; -V. " ' '--2*> - : , - v '-V-.". . :- ' :-..:>¥• - - v;:^,-, --• .- . . . 

introns, 5 - and 3*- untranslated sequences); or — : / ^ - 

^t:^: : =-::^«-^:,:?10': : (ii) ^mR^:6^ ^C^iand,.5%: .2^ 3^^.^^^ 

. . . untranslated, sequences of the gene. 

the term "gene" is also used to describe synffietic of fusion miS f 
expression prodjiBt^ , 
.'l&^:Sgene M . may be used fet!^^^ 

...... describe a nucleic acid ixiplecule, nucleotide sequence and a gene. 

: " : 

t* *".v* ■ v y 20 . ^ diff^rac^bety^ whi^i; rautlt in : liferent amlno^ids x . :S> 

: . |p/ . j^art^are ^xL^yatheJess^ related to each oth$r at ttie structural, functional, biochemical and/or 

conformational levels. Where there is non-identity at the amino aci^ level, '^uSSSa^^^^'"^' 

M^r-r^\^ri v ^1JiocKedi<^-> ,. : 
■ > ^z^^6^> M^^W^9Mu^P¥W^^W- SJS- ...I«¥?X; o| : ?4enti|y rather than 



">n . « • j *z*~*> _ /» _• *i , 



identi|^.\ "suhstentially si^ila^* and "substantial identity**. A "reference sequence" is at 




.- .w..,: 
•• .*..:•... " : . : , -.; :: : : 



' - - 15 - £g , - , "s v 

itic;lusiye of nucleotides and amino acid residues, in length. Because two pol^i^^ 



may each comprise (1) a sequence (i.e. only a pratton m 
: v by. , comparing . : sequences ... of the. two 



polynucleotides over a "comparison window" to identify and compare local regions of 



sequence similarity. A ^ "con^mson'winao 

-lOh- mayscomprise additions or dple|ipn|v(i,e^gap$):Af ab£gt|2^ to ,the 

ci:: i * -. ]? BS^!?!SSfi^W? ; (>YM9 h 49?? BPk$$*ty4?$ a ^ti??? s ..9 r Jk^? 11 ?) f° r PP^^ alignment 

of the two sequences. Optimal alignment of sequences for aligning a comparison winSbw 
may be conducted by compulsed mip^^ 

.. . . c alignment (i.e. resulting in the highest percentage, homology over the comparison window) 



generated by any of the various methods selected. Reference also may be made to tliW 
2&>~AusubslM 



the terms "sequence Similanty* arid '^i^Sdhce i 

ifiat 

. ^?S: nuclgotide^ 

>„ v v. - Tfei^i^ a_ *^eroent^age ^o^seq^eoxce^ idc«itit^* ? for example, is calculated by comparing two 

optimally aligned sequences over the window of comparison, determining the niimber of " 



positions, 



in the 



'"'"'"*' * ■ ' ■ ■ * «5 . »: x i« : M*te*y+„x: & sfjft .< J£ -" : 

" • . : - - .. .. 

• , : : : ^ the result by 100 to yield 

, . - : : -•••)P e -P^? n ^8?..Pf,^y OT P? lclentlt yr For & e Purposes of the present invention, "sequence 
identity" will be imderatoba to meain'ra 



^ : v.:> : o . ^Kfei^c^ software,. Similar comments , apply in relation to 

sequence similarity. 

Prefer^^ 

■•: ; ^ -.abQ^^^o^least^wt 80% or at least about 90% or at least about 95% or above such 
as at least about 96%, 97%, 98%, 99% or greater. 



- v*.vl>5- :3eiast about 15%v/y:^^ 

- a v.-av .-\te^di^qii >c jpd aUsast about 1 M to at least about 2 M salt for washing conditions. 

Qener;ally, low stringency is at from about 25-30°C to about 42°C. The temperature may 
be altered and highCT temperatur^ uset to r^l^^ '^crlAieh^W ^ 

. appli^; *^^ 

f • • " • 20; : \ such ^S^nedi^;.stnii^^ least ^Q^l0iy/y 



: : : .•: ; . : :'v - 



salt for hybridization, and at least about 0.5 M to at least about di M ^rfofwaSg 
' % " A 'conditions, or hi^ stmgiticy/^^ Sbofit 31% 



• : :i ^v to ktlgaSt abSiife 50%^ from :at ileast about 0^0^ M-io at: least ah^^ 

.v=. -.25:'. ^15 :M^,;j^ salt for x . 

; . . washmg conditio^ Jn general, \ya$Jiing is carried out Tm = 69.3 + 0.41 (G+C)% (Marmur 
and Doty, J. MoL Biol. 5: 109, 19^f Ifowever; the f ^ 

' : " ' '^ : ^^i^^Wi%'in ^it^^fffl^M^ 

. ; : : : , stringency ^ is 6 x , SSC buffer, 0.1% w/v SDS at 25-42°C; a moderate stringency is 2 x SSC 




buffer, 0.1% w/v SDS at a temperature in the range 20°C to 65*6; fii^'sfilngCT^is Oil "x '"*''"" : " 

,..x.5.. variations that may modulate an individual's predisposition to the development of a tumor 
and, in particular, a mammary tumour. 

^hitifeleic : : acids?^ v * 

genomic DNA $ synlh^tip fonns and mix sense and ant|sense strands, and 

10 ^SS^S^PtW^FSi^sPr .biochemically modified or may contain non-natural or derivatized 
nucleotide bases, as will be readily appreciated by tfiose skilled in me art. SucK* 
modification miore^lhe - : ^ 

" : modifitatio^ 
: ^ < ^ ^^9spli43ixates ? ^ : ^j^o^hplri^tCTS^ pho^ghpa^dates, 

: 15 : carbamates, etc.), charged linkages (e.g. phosphorothioates, phosphorodithioates, etc.), 



pendent moieties (e.g. polypeptides), intercalators (e.g. acridiiie, psor^eii, etc:), cHetatbrs, 
ai^atc^ : M ii&aribii^^ aciidsy-ete;)v Also^ineluded are> 

r seguOTce : ::V/a hydro^ interactions. Suchmolec^^ 

20 in the art and include, for example, those in which peptide linkages substitute for 
phosphate linkages in the backbone of &ie molecule. 



I 



r . v ... . ..(^^stiniiGt . co^p^i]Q^.,,|yU[; or ;: p^.pf the Fprs coding and/or reg^liatory regjpn. The 

25 recombinant construct may be capable of replicating autonomously in a host cell. 
Alternatively, the recombinant obstruct '^y^^me'ii^^^^^io tifte ' <^6mbsb^ 

-y $) ¥ w^ M§9^^, with.all qr a portion of a polynucleotide with which it is 

30 associated in nature; (ii) is linked to a polynucleotide other than that to which it is linked in 
" r nte; or|uf aoes^iocffi icidl &cbid^£ i^mfflMibtF'* >- 



• .L^l^^ reference to the 

RNA equivalent with U substituted for T. * MW ">""*«* :>< *»* .'^^^v\:^^^ 

^ r 

cDNA or genomic libraries of various typfcs may be siirefenM as naititral IsSiUrcfes' bf the" ::: 
■'"' 'fficiSuc l^d^ -of • be^irivdded ?by ^ ~- ... 

:^ to a tissue source, which is abundant 

,,, . ^ mKNA f( ? r desired protein. Phage libraries are normally preferred \\mt^&typ»Q'' 
libraries may be used. Clones of a library Wspread olio plates; trlbiferria% ; a subline " : 

»- : -J^S ^? e % ^ te pns "Fprs- locus" and "Fors allele" refer to the double-stranded DNA 
conlI>riS : ing * e locus > a 11 ^ or region, as well as either of the single-stranded DNAs 

/ ; ' •': 0 : -"■•,■>.*.-....*••• ' 

- • •' '•• ' - : . • '• • .-' -, • ■ - : . ,...-->-.;..- •• . . . - . 

v •■<•>.-<.-■' . . •-..•-;..:>:: y :>% . ■ . ■ 

2Q& ^ 

,, .^fW§^.W^^MW °f at l«!^|bout 10 nucleotides or preferably about 1 3 nucleotides or 
more preferably at least about 20 nucleotides' 

^nucleotides -:• 
• - M#eatermi^ . 

.. ^ .^ ^^ n ^f^^ ; ^^ ; ^ 1 ^ y4lu|S (e.g. 13, 16, 23, 30, 38, 50, 72, 121, 673 etc. 
nucleotides) or nucleic acids havmg more^ 



3.0. ora-com 





m - - . • 



19 - 



:: "Qperably luiked'*: ^ ^escribed are in a 

relationship permitting them to function in their intended manner. For instance, a promoter 

■ 

is operably linked to a coding sequence if fiie "proiiao^ 



** m " expression. 

^v-t^^Jl^w^c^: the may be produced by. ^ 

replication in a suitable host cell. Natural or synthetic polynucleotide fragments coding for 
a Sesired fraj^ent will be incdrporilteid into f ecbmhiioanr polyfrucleoti^ " • "'■ u : 

&» v .r ! TJs?f- 10:>veukaryotte c^ 

. : : v ^ ende 4 f°T. intr ?^ uc ti9 n to. 

(with or without integration within the genome) cultured mammalian or plant or other 



eukaryotic cell lines. The ptinjftcaSon of riticleic acids prbd^B^^ ttiel "Method v. 



The polynucleotides of the present invention may also be produced by chemical synthesis, 

N synthesizers, A double-stranded fragment may be obtained from the single-stranded 

product of chemical synthesis either by synthesizing the complementary strand and 

&'<M comptem^^ 

, PpJ)raxcleptide constructs prepared for introduction into a prokaryotic or eukaryotic host 
may comprise a replication system recognized by the host, including the intended 



^ v:. v ^ v . .^ly^^^cod^ 

replication or autonomously replicating sequence (ARS) and expression control sequences, 





;r; :: '- :: -- ::::: - :::: - | • :- 



:5 : : : ■ 



f ife ;;;:^ sites, such as ribosome- 

i : ^ ^ polyadenylation sites, transcriptional terininatbr seqiiences" " 

^ 311(1 mRNA stabilizing' sequences. SecM^ 

An ^ppropriate promoter and" 'o8&*^^ 

^v^>^ ,10 ^™ geh^^ 

ft M^eM vectors are known in the art and 

"JIV ^/^^f^ JS^-*^ H ^ s " cl ? ^ Stratagene, New England Biold5s^ • - v -^ 

Biotech and others. Promoters sucli as '^^'fcc ^ ~^;\ 



' ^ piiomotersfe -m 

15 kelude^ 



glycolytic .apzymes. such ^eriQlase^or ,^CTpa|ehydc!-3-phoq)hate dehydrogenase, 
enzymes i responsible for maltose and galactose utilization and others.' Vec^ " "and ! * 
promoters suitabie For use in yeast exp^ion are'nn^nerd ; 
Publication No> 0 073^^^^^^^ 
/^(b^^effi^tad^^^^ fem 5 S¥40 : : |(Eieis <* Nature 27^.113-120, 1978) or 

V:,!^^I^a^^>I® ^^-B?5?«W,^^.^^ C^ Mrrv )' mouse tumor virus, avian " 
sarcoma viruses, adenovirus n, bovine papilloma virus or poiyomarin^ pi^otera may 
be derived Im'fcS&ftffi&'ift MMmfiYie construct 'mf^e-'joni^-fb^'M^p^bl^ 
v x w ; |ehe (e^ m^^Forf, appropriate. . 

:■ 25;:, ^^^l?^o^er : exj3i:esa 

. f^r^oH» Cold Spring Hwbor.Press, CoJd, Spring Harbour, New York (1983). See also 
e.g. U.S. Patent No, 5,691,198. ' * "" ^ * : >-*#'^ 8 Ajfc titer *v.> ? 



30w 




f 5 , they ^ 
s.w^J^o^inthe^ 



- , '.* r :"* , ! 





• ""-^^ 

» i ^Expression and clonic vectors w 

^•l?^?^: 1 ^?^^ si^iyrf or of a host cell transformed with the vectorrThe 

presence of this gene ensures growth Kse host "ceils 'SateaqJTOS ^^6^^f^eie^" v - & 
s^ebtibri geneis 

: : s>.^- : ^ .6h' 5 ^ ^stahce^ 

^ media, e.g. Jhe 

8 en ^ encpdii^| D-alanine racemase for Bacillus. The choice of the proper selectable marker 
will depend on the hosVceil an^ 

X: :> yept ^^^rantaii^m^.. the nucleic acid§ of interest cm be transcribed in yitrp and the 

resulting RNA introduced into the host cell by well-known methods, e.g. by injection (see 
kubo et aL 9 FEBS ' Lett 24 1: i'19, 19S8£ or die vert^ can tie uMtii^ 

: 15 ? including dectroppratio^ 

calcium, phosphate, pEAE-dextran, or other substances; microprojectile bombardment; 
lipofection; infection (where the vector is an infectious agent, such as a retroviral genome); 



and other methods. See g<^eraU^^ 
: the art/ in^udingi- into a/w^^^ 

20* xthose>described-abov^, will bs org|£gn&£^ Th$ : gelkjuatq v*ich :: 

: jhay^ beeu|ntrpdu acids described above are meant to also include the progeny 

of such cells. 



25 




other e^pyession vehicles in compatible prokaryptic or eukaryotic host cells. The most 
commonly used prokaryotic hosts are strains of E. coli, although other prokatyotesjsuch as 



,30: 



„^ m ^^,^^h^ of yeasj, fila^empus ^,^1^ . ; . 
.MM^^a^Dh^buui or ^vian species, may also be useful for production of the proteins of 




Jakpby and Pastan (eds.). Cell Culture. Methods in Enzymology, Vol. 58, 1979 (Ac^emic 
Press, Inc., Harcour Brace Ifo^ of ^olirffifSi&ly ' * v v 





>v^^i : "-Vs^ ; cqi^^jtf^ is SF9. ^J^jg^g^nB^. it..^rill. bf? ^^gg^neciata^ - ^'X^^! 0 - skilled 

practitioner that other cell lines may be appropriate, e.g. to provide higher expression, 



; 10 eion^ thgg^^ : <^ 

: The m^ker n^^ the same DNA 

molecule. In prokaryotic hosts, the transformant may be selected, e.g. by resistance to 
ampicillin, tetracycline or other antibiotics. Production of a pairficul^ prbdubt based on 
fem^ - 4r ; k\ : :-f 

JMIgiq^ of the present 

invention are useful not only for the production of the nucleic acids and polypeptides of the 
present invention but also, for example, in studying the ch^acteristics of a FOftS 
pbl^qptide; , ,....x ix-xx-x - - v : r , , v:: 

'- : -20- :v-..':.y x . x^xx^.x: ...... - ,.- X ; ,..;,^ v , . y> ,,: ... ... <: v ........... 

. . are particularly useful in the context of the present 

invention as they may prevent or diminish the expression of the Fors locus and, as will be 
appreciated fey ^seT skilled iri tti£ art, this iMf ^ct : : ^udibn of : 

< ^ i^&ss^ riiftNA and 'M^^ 

i?Ml.: v efr^ associated wth the. 

< juidesj^ ronoD^it§jit ,wijh cellular transformation and the development of 

uncontrolled proliferation, the means to ameliorate or diminish FO^ 




*■ 30 .Jpcus);^^^ ^ 
introduced into a cell. Expression of such an antisense construct within a cell interferes 

'XX. " " ■•>\-:^Vr ^^^^ -.^ .... 



'■ — 



m 



mm® 



with Fors transcription ^ dternative approaches to &wn- 



5 The present invention is particularly useful for screening compounds by using the FORS 
polypeptide or binding fragment thereof in any of a variety of drug screening techniques, 

;e . ai*Qt^<^^ 

10 The expression product may be a polypeptide encoded by the open reading frame of Fors 
(i.e. see SEQ ID NO:5 or SEQ ID NO:6) or it may be an mRNA or RNA molecule spliced 

15 mutated or deleted For^ gene. 



20 (i) an amino acid sequence set forth in SEQ ID NO:5 or an amino acid sequence 




=:(ii)r v : an amino! acid sequence 



25 (iii) an amino acid sequence set forth in SEQ ID NO:6 or an amino acid sequence 



having at least 40% 



30 (v) a ribonucleotide sequence corresponding to SEQ ID NO:4 or a nucleotide 



:.y-:;W 




' ' - • - -■ ------ ' ' - ■ -i; 



:V.. : ?X: 



SEQ ID NO:4 or 

, ... its complementary form under low stringency conditions; and 



y.. : "FORS . gpoteirf » . "E£RS^ : ^ molecules from human or 

murine or other sources refers to a protein including a polypeptide encoded by the fiors 
locus, variants or fragments thereof. The term '^olypfeptide" refers to a piblyriier of amino 
'l&ti&sr arid its ^vuv^ifef^aha' ifoes -n&^ -".v 

^ : :V :::: ; x > : : ; . , ; - ..^ the polypeptide, for example, 

glycosylations, aceylations, phosphorylations and the like. Included within the definition 
are, for example, jpblypeptides contamingMe ot ^ffioiieid (iiibi^&ingi 

i> m : otfter.^ and nonrnaturally occurring, 

Ordinarily,, such polypeptides will be at least about 40% similar to the natural FORS 

sequence, preferably in excess of 50% such as greater than 60%, 70%, 80% or 90% and 

more preferably at least about 95% siMilar. Also included are proteins encioded by DNAs - : :: ■ ^ < 

^ ^ acids;. 
i; : -2Q'-:> -and^ 



The FORS polypeptide is shown in SEQ ID NO:^ 



isolated Sor purified or -^sfaiitialiy : ^e of : material- WitfiFwhich It i& 



: - : "' ? --^&Maliy assSciatedj TTie^pdl^^tide mia^ ifiprodu^ 
^ :25 ; OT pjqduced synt^^ as g^pogylatjon. 

^ternatiyely, the present invention is also directed to polypeptides which are sequence 
variants, alleles or derivatives of the FORS polypeptide. 'Such ^ polj^epfiaes imay nave ah 

"""' ; '^lno : kli^^e^&ai^^i^^ s#Mil^ . }:^vr.^ 

- bnevbr 

: ^yW- C^ny<^^ ^n^, A^y^ ; ^ 

useful in 4^^^ 




^''''^^ 

Substitutional variants typically contain the exchange of one amino acid for aitiotiier at one 

or more sites within the nrntein niW'fifi^ 



or more sites 

of the residues involved. Preferred substitutions are ones that are conservative, that is, one 
amino acid is replaced with one bfsimiliff s^ 

•S:40^'^giycine^-:alanine; viAine^^ 

; glutamine; : senne, threonine; lysine, arginine; and tyrosine, phenylalanine. 

Certain amino acids be siii^ 

;15^antig^^ 

it is the interactive capacity 

and nature of a protein which defines that protein's biological functional activity, certain 



• ; V..- <•»*•■? 



in a 



s^ufehce : and h^eHfi 

^ '207 . ^ ?£ the 

. : . hy^ in conferring interactive biological function on a protein is 

generally understood in the art (Kyte and Doolittle!, J.' MoL fflffi 
' ^ein^r^ the kil^M acids tan be fiM^effibtiV^ of 

; ...3[&- : : : ftpGtion^f^ : protein 4,554^101), The 

. use of ^ ^Ae hydrophobic index or hydrophilicity in designing polypeptides is further 



discussed in U.S. Patent No, 5,691,198. 



,3^. r .;:.^p^t> -J : 6 - ^ residues, mpre usually at least .about 24 

residues, typically at le^st about 28 residues and preferably more than about 35 residues. 




'-, . TTrr..:!-.;-...., ;.; ,.>;.,. , ..... ...... 



The present invention further contemplates chemical analogs of the FORS polypeptide. 
^^.^;:»>- limited-^ .s^lcMms,^ 4^ v:% 

or protein synthesis and the use of crosslinkers and, other methods which impose 
conformational constraints on the proteinaceous molecule or their analogues, 

"-t." : '^^^^ V^^V:;^^^^'^.' ^^'V^^^.^g^^ ^-^^¥^.^VxVV V; 

U^fe?^>40^ /modifications:! of , -m^m^W^^^^ *&z^< j^ucti^e :;a|^ 

-.. foUowqd by : r^uc^qn with NaBILij j^dimtioa with jqiethylacetimidate; 

acylatipn with acetic anhydride; carbamoylation of amino groups with cyanate; 
tnn^^ 

:, 15 py^dpxylatipn of lysine-yrith pggidoj^ 

:^V.y,\ S;v..^ -.v^Sr** •>•> :'■^^/m^;•^;^^«AAv:^ti& ^;< : v; >. ;: V :;. .; 

The guanidine group of arginine residues may be modified by the formation of 



, . . ..^^ cai^pxyl group may be modified Jby carbodiimide activation via O-acylisourea 

formation followed by subsequent derivitization, for example, to a coiresponding amide. 

v.- 25. «s iodoacetic acid or iodoacetamide: performic acid -oxidation to cysteic acid; formation of a 
mixed di sulphides with other thiol compounds; reaction with maleimide, maleic anhydride 
or other substituted maleimide; formation of mercurial ' denviftves ^fg^g*^***"*-'^- 



lilll 




>roinosuccinimide or alkylation of the indole ring with 2-hydroxjr-5-nitroben^l bromide 

;.,^di%atioa,o|.Jie J^fe J^W^,^yJ^:i^^h^ i ^.^:>y 

alkylation with iodoacetic acid derivatives or N-carbethoxyiation with 

diethylpyrocarbonate. 



. >.-"«.■.•*-..•::. • ; . ••!•:•:•:: 



1 0^ Examples of^cot^ ; 
m . /include^ biit am, not Jimitgd. to, use of ^ ^F^. ac l^? , f???^?." 

hydrpxy-5-phenylpentanoic acid, 6-aminohexanoic acid, t-butyiglycine, noxvaline, 



..... ■:• ' l 




^-4 



Codes for non-conventional amino acids 



m>#; : ^ ■ c-<;:& 'N<m&^ .:No^cqnfc^ 

amino acid amino acid 

.10^ VN-methylargmine Nmarg 

aminocyclopropane- Cpro L-N-mettiylasparagine Nrfiasn 



15 carboxylate L-N-methylglutamic acid Nmglu 

cyclohexylalanine Chexa L-Nmethylhistidine Nmhis 

cyclopOTtylalanihe Cpm I^ft-me^ 

• :; ''"^^lSSihg ' v " :.:^:v^«v=m^ * •t^%ieffiyileudri^:- Nmleiii : . • 

: ; . 20. D^aspartic acid , . ...Dasp . . L-N-methylmethionine Nrnmet 
D-cysteino 
D-glutamine 



L-N-methylnorleucine Nmnle 
L-N-me&yinoiv^ihe ' NicnriVa 



Dcys 
Dgln 



D-leucine 
D-lysine 
D-methionine 

30; D?phenyl^^ne 

D-serine 



L-N-methylserine Nmser 
L^N-methylthjreonine Sfrnffi" ' 



Dleu 
Dlys 

iSmet ^ ^" t>^^ 

■ • ' ER^^ 



Dser 



L-N-methyl-t-butylglycine Nmtbug 




Dtyr ... 



a-me&yl-aminoisobutjfrate 



Maib 



Dval a-methyl-y-aminobutyratie MgaKu 



D-valine 

b-o£mi^ Draarg ^ ^ > f : . : Y^^Mcpm;^ 



D-a-methylcysteine 
1 0 D-a-methyiglutamine 

: '^" ri " ; "b-£^^ 

D-a-methyllysine 
15 D-a-methylmethionine 



Dmcys 
Dmgln 

Dmlys 
bmmet 
Diriorri 



N-(4-aminobutyl)glycine Nglu 
N-(2-ammoethyl)glycine Naeg 



lanine , .... . : . ....... Ajnap . ; , ^ ; . . ; 

Nphe 
Ngln 



N-benzylglycine 
N-(2-carbamylethyl)glycine 



"l^aft^^ 

N^catboxyqtt^ ^Nglft : ; 

N-cyclobuty}glycine 
N-cycloheptylgiycine 

• •N^ycidd^yl^ycine::?-: • . 
;: ^e^^ecylgfep^ 

• .... ^.^#^?^^ine, , ^ , ; Dm|^a ; ^ N^low^lj^in| . ^ ^ Ncoct . _ 

.25 D-N-methylarginine Dnmarg N-cyclopropylglycine Ncpro 

D^-methylasparagine Drunasn' iN-cycfo^ "Ncffif " : 

* • • : - D^methylcysteinei • .tf r. f *m^-: ; 

.. .... . ... . . 30 Diungju N-(l-hydroxyethyl)glycine Nthr 



v^d^^^ Dniphe; s ; 

D-a-methylsOTne .Dmser 

20 D-a-methylthreonine Dmthr 

b-a-methyltr^topliari :% ' bfetip 

" ~ : biot-methylt^osme ■ - Bmty : 



Ncbut 
Nchep 

.. Ncdod ... 

'*• * 'I- : ■ . -, -/:*'.: 




I 



: : ; .]: -kU " i-.v - .-X • . <^i.X^ i^-:^ ^ . :V;VfA v.::^ -.. . ; . - 



•!•':•*•: .:• ::' ,7: ... •:• - .• .................... 

fe^^-^^ D^pro 

^^l^^d^ropyl)^diM . Nile D-N-methylserine Dnimser 

" 10 N-(2-methy^ropy^ ' ' " bfcieAylthiSiie Vi " " '' ^ }?k : i^rri&" :7 ^^ 

•J =v •= ^/*©iN^ethyltyrosme^ . :■ ' ;Dnm^^- ....... 

........... . . /l^?»5apbo*3fltic acid Gabu N-(p-hydroxyphenyl)glycine Nhtyr 

15 L~/-butylglycine fbug N»(tW^eAylJ^^e 'TSeyi' ^'^'- ^ " 



:Hphe 
Marg ? 



20 L-a-methylcysteine 
L-a-me&ytglui^ine 

.< l^a^thylisole^ 



. Masp 
Mcys 
Klgln : 



... .... , Masa 



I^a-methy^butylglycine 
L-methylethylglycine 



Mtbug 
Metg 



; : --I^M^thy^bmoph^ylalai^ie^ Mhphe : 
^ ^^W^ 0 ^ ... : J|fco . ^ . Mlys 



25 L-ja-methylmethionine 
L-a-methylnorvaiine 



Mmet L-a-methylnorleucine Mnle 

Mnva L-a-methylornitbine Mbifri 

v ;■ .... , Mthr... . . 

<w« .a- .v,JO^ffittylv?Bae.. Mval IrN-methylhomophenylalanine Nmhphe 




ft 



,VS- '• • •• ^^^r,, •■ • . - ' .v... W.-.:..-.-. -• 



-"• -v;%;v..,v.v — • .>-.■.••■.-:-•-;•.: •:•:.:■:■.•*•:■:•:-. •■x: : : 



ethylammo)cyclopropane 

: : : : to stabilize 3D conformations, usin| homo- 
bifiinctional crosslinkers such as the bifUnctional imub esters having (Cl^jn spacer groups" ' 
" ' witK n=l to ti=6^ glutkral<ii^^ 

c .*?«.• .v:": Jo - ^ amihd^eaicdvb:^ as ;Nlhydtp%^cciiiiinide ^ ^ : : • w 

.... c^odiimide (COOH), In addition, peptides, can be conformationally constrained by, for 
example, incorporation of C ff and N ormethylamino acids, introduction of double ^ ooh3s" : ' 

v <15 ^? fc^^ 3n^^&&^ond b^^f^yh(p, : l^[ and G.;- :5> ■ 

i : 

•V-y^x v ; " • • ^\-' J .- r -^y\ : ; > .<...--•::; : . :% - .. . . , . : ...... . ' > ...... 

The term "peptide mimetic" or 'taimetic" is intended to refer to a substance, which has the 

Ml, New York, 1993). The underlying rationale behind &e use of peptide mimetics is 
that the peptide backbone of proteins exists chiefly to orient amino acid side chains in such * 

; the P^^? j?* but 

will retain the essential biological activity of natural FORS polypeptide. 



^ep^ell%a|^^ a§^dia#«istie britherapeutxc:. . ^ ^ 

; v ;£ssa# mar^^ or ^ a pell suff|«^. „ ><: . 




, , , transformed with recombinant jwlynwfaacitte cacpressuiB the polypeptide or 

preferably in competitive binding assays. Such cells, either in viable or fixed form, can be 

used for standard binding assays* One may meaiiro, 

~ ---^^^ tested^ or ::: & Ml 

It is proposed in accordance with lie present invention ttiai tumors liave ■a^(^fia^§^" ,l ^*^-'* A 
" :; d<^^ " -° 

\ •:: ^j{a£^ 

|, ^ < : / : >^ p^^^p^.a ;; |^OT^| a |^disp^ition to the 

development of a tumor. Useful diagnostic techniques to detect the presence of Fors 
include but are not limited to fluorescent in situ liplridi^ 

sequencing, PFGE analysis, Southern tilot analysis; sihgle^strahded conformational .•>-,: : 
•: •■ i# ^al^ip (SSCA)r KM^se ^pfotectron:^assay?. ^.elesspe^c*^^^^ . ■ 

^ v :V * :hybridization)i :dot blot analysis and .single-stranded conformation polymorphism assay 

.(S.SCT)[C^ 

microchip technology as well as electrotide. Electrotades may also be used as a detection 

<2tl el^ctfdmc^ibidV which thereby^a^ 
» . ^^.el^y ^tep ^s-. eSenspr,. (trade .. : m^k^ : MotQ^ if well described at 

http://www,motorola.com/lifesciences/ esensor/tech_overview.html . 

- V-^S^' :ti&u^of ahumanv^ 

. who. iias inherited a gerrn^l^^ t9,4?Y£lPP ca^ c ©??- Tbis. can be 

determined by testing DNA from any tissue of an individual's body. In addition, pre-natal 
diagnosis can be aecom^ c^lls, : plafcei^ ^ :: ' r 

. , :% ,,.It^puJdb^ j^ou^ "^di>i^^ pr 'Vertebrate 




animal is not to be taken as limiting the target to a particular animal or human. The 

, :a ,vv,,, ; , . .. altoghta^ %£ fe .^,vL, 

"""""^^ 

m ^"fc'** ^y^mmmS9 : ^Mm^m^ : ^^^.:MB.j^^r,]Pc^ . ampii^inrKNase " '• W *"**T* 

ofennanceo^ 

:*w*<3* ^^i^^f!.- J 113 ^^ c ^ cer : ;;: % ne ! d L*° r >te^OTtion to%Hv« iSjSvS mlrap^irac^ 

outcomes is thereby mdicated.' " : '' 1 ' :iyi '^--~'^y- ^'st^- : <>?, :i .r ; . 



«rrr«{ Jl^f. .^^gS^SI If^Woreacttye with FORS can. be used to screen a j 

and; Specially; breast cancer; Such 1 i 
20 format toown ih#he: ^^e.4nch^W^tern. blpts^imwmo^sto^ and 

^ W^ftW^^nf % detecting a. FORS protein can be used to detect a wUd-type " \'* 

Fors gene. ■ - * ■ v - •■-•*■• ^**v-.a v : .. 

-■ . ^SIV'^^' ."K*;.*- ; -\. .'.;;>- ,' .. - .... .... 

.. . t . • <; ■ ..- 

: fhe^ 

■=25: : the ability to pfoduce Aem in large p f the product The 

-■■ «•* ^^^^^^^ ^ ^^™^ 0£ ^ >na, anybody production is derived by " ^ ^ | H ' 
; ^ in | in ™ M>rtal ceU to" 5 and lymphocytes sensiti^d 'Against '^4^ 
'p^ 

- J 
,k r 30, , .abou^ybridomas, in C9m^m ?^Jmmol?mm,Jl> ed. by Schwartz, 1981; Kohler 

• • •-. „....v -.-x-. •..•.>:•..' ' -W-:. v I— 



_•• '_ • ••••• "•• 




.• 



: , ^,v^:,^ Journal of 

Immunology 6: 511-519, 1976). 



• • ?:::*v ::v: : - ... 



. ~ .- . — ..... ; ...... .; ;.- Z - ! " \ £ y , .;..>, ..... ^iV^^l-O < 



Mm}:^y 



ASiflKir il^eift' of 

^ : 5 >hi biological san^te:^ :hji(^Ggjio^l : 
: : : : fortune and : 



under conditions sufficient for an antibody-FORS complex to form, and then detecting said 
complex. v 



v- lOv vvThespresfence o&FOKS may be ^cpmpUs^ : ^b^^^«nx..; 
...... hlptting and ELK A procedures. A wide range available as 

can be seen by reference to U.S. Patent Nos. 4,016,043, 4,424,279 ^ 4,018,653. these 
include both sirigt£sife and two-site of "siimd^^ 

IS^bincfog o£^ .Ui.. ?: ^ :> ^ 

Sandwich assays are among the most useful and commonly used assays and are favoured 
for use in f he present inventibnirA number Pf van£tiPtis of the siattr^' ; 



ue 



Olivia 



. .- ... ' V 



* : ?a?v. 20; ^fbi^ward ^say,awiml^ on a^spK4.^bsj^^.p<i the.s^ple tp 

. be . tested brought into contact with the bound molecule. After a suitable period of 
incubation, for a period of time sufficient to allow formation of an antibody-antigen 

i^bft^ molecule : • 

* : • ^ c^aMfr 6$ ; prodiucini a:^^ct^le^i 4, 

. .v^vr : .-.^25^-: sufl5cisjt : |o^e /p^^^-pl^^^cpjm^^f ^^p^|gdgei^^ As . 

stated abpye, the antigen is FORS or a.fragpaent thereof. Any unreacted material is washed 
away, and the presence of the antigen is determined by observation 6Fa sagnad produced by 



tfe rfei»r iribi^iilfe Tfe ^di^^Mer^e i 



^viMble sip^ m^ v 
. w ,. : 3^.^ W t5^f^ 

both jsaynple and labeled antibody are added simultaneously to the bound antibody. These 




• . " f£. . ; . MOpa^prov*VWazU5l9OT.w*^^ .. 

:s *^iPl^^^^I^^^ uiibitf^^ an ^intracellular • 




In a typical forward sandwich assay, a first antifiody ^l&aving specificity for the v FDRS >: 
antigenic p^s tSerebf; is ^iffieir cb^ehtl^ a solid" siirft^ The solid *& 

;%:> solid 
supports may. b^ iii the form of tubes, beads, discs or microplates, or any other surface 
suitable for conducting an immunoassay. The binding processes are well known iii th£ art 
and ' g^ral^ physically • ^SisbfBingi tl#- !8 s.v!/'^-.-#/& 

;15 ; : .fc^:£^ be.t^ted is then added to the solid phase complex 

and incubated for a period of time sufficient (e.g. 2-40 minutes or overnight if more 
convenient) and under suitable conditions (e.g/ from room temp^^ : " ^ 

v • ■ '^IScliiae^ 2S°&) to ; Mow^uSlmg gf s&y ^fi^^sehf: ii»«bbd^- Following the 



ineu^ 

k ■■ ; x ^ : . ^ <?C the : mtigen r JQie second antibody is linked 
to a reporter molecule, which is used to indicate the binding of the second antibody to the 



x. 25 : ; : to. specific antibody, which may or may not be 

labeled with a reporter molecule. Depending on the amount of target and the strength of 

:1 ' "th^ort^ 



Hi 




# # 



to form a target-first antibody-second antibody tertiary 
complex. The complex is detected by the signal emitted by the reporter molecule. 

#3&^H^ irj|the:pre^^ 

?"*.v:^ V.: 
of mtigen-boiind antibody. Detection may be either qualitative or quantitative. The most 

commonly used reporter mol^ules in this typ 

x :,j^j^gfjy^ arid cli^ 

.,;Ir^jt|xe,.case qj^.^nz^gje. immunoassay, an enzyme is conjugated .to Ae second antibody, 
generally by means of glutaraldehyde or periodate. As will be readily recognized, however, 
a wide variety of different conjugation techmques exis^ wluch are reiffiiy 
iMlMartisMC^ 

. the, specific enzymes are generally chosen for the production, upon hydrolysis by the 
corresponding enzyme, of a detectable color change. Examples of suitable enzymes 
include alkaline phosphatase and peroxidase. It is &6 pb^sIW 
.. g^l^g^ ^Wliith'*yiei<l a fluoreScfeht ^duct^riftB^r ^tharf the ^hromogem^substratesinote^ :.*&\s 
20 ' ^above* Ift alii cases, the : eira^ , , V:; ; 

. .complex,: allowed to bind, and then the. excess reagent is washed away. A solution 
containing the appropriate substrate is then added to the complex of antibody-aniigeh- 
; ^fo^ wi&MSiizjtae : imi^#ti^^ 

. ^^P.l^S^* -S 1 ??- -^1^^. W£ ^ or J^^ition of agglutination such as 

red blood cells on latex beads, and the like. 



II? 
MM 

^.?:.->:-::::S:> 



: ^iten^j^ luic^en^ c .as fluorescein:; and- rhsd^irie* v m^ : be :; : :^?^< 

Hichemically SQupl^tp ^sfel^^ ^w':.^;. ; 

• : . by illumination, with light of a particular wavelength, the fluorochrome-labeled antibody 




; *y/r:;J: : :;;:x: ^^ r ....:^j 



' ^'^^^^^^^i^^^M^^fR^S^ PSl^^ the molecule, > followed by 




•'^k-r : -vU: '^.:*iS!^!S!^^? .P^sence :: .o£.th^.h^ and EIA techniques 

s-;?J3«5-. .._are both very well established in the art and are particularly preferred for the < 

method. However, other reporter molecules, sucfrWrl^ 

> v v. ri •'^^F&P^ &J} a &.9P ft e 4#enniration : that aberrant cells and in 

; particular cancer cells and even more particularly mammary cancer cells or cells with a 

propensity for developing 



*: : . : v:7 V '■: x 



-^^::;u:l5^smttei m/er a/foceellular transform?*^ correlated with the 

c,^.v ; -v ; ^rregjUation of the : EAB/HER2 receptor, over-expression of which in 30% of human 



breast cancer cases is known to be associated with poor prognosis. Hence, a cell that 



produces hi 

' iftventtoi^^ cell '-associated^thybrdifcfely to^.dssQ&iat^^th-^' , 

20 —disease su^^ 

^ ■': : ^.3g^B?3SMgSW*. i§^B^P .P'^.S™^^?- S 10 !? 1 *?!!*^ JS**^- SB* 00 *?* ?ORS, provides a means for 

detecting or diagnosing cancer or a propensity for ttie ieveiopmerit of cancer. : 



mplatss 3 meth^ 

2$: said method 
, , ,. : ^ or .cejl extracts Jrom said subject or said biological sample with 

an immunointeractive molecule specific for FORS or an anti©^ 

ti^ ; fottiafi[ons : ^herSihM •' : mnm 





: ■ :> .:l':'v^ : ---\:-: : - ■;. ;; . 



! ••• - -v.. ■ s.~ •>• • ..... .„ .>: * -'38'* 

K ^^3^^j: ;|n|a^^ aberrant 




. A "biologgal sample" from a subject includes a biopsy and may be any sample of cells, 
cell extract, tissue, tissue fluid, excretia, circulatory 'mud' or fi^piratoiy fluid 6r otheF 



: ^ "normal" cell includes a cell not regarded as aberrant or cancerous and may 

be considered an average" of normal cell types. 

: .. v jbr fORg ot: ; 418? '??^S?iftPr."R?S^^9^i h(^pj9g^s :T j>i: 4eri^ajgy^..^thoji^[i the preferred, 
immunointeractive molecule is an immunoglobulin molecule, the present invention 



extends to other immunointeractive molecules suchTas ahHfiody jSa^eintSs, single ctiain 

> :.^:20^ bmdbi£ mote r^le^^e^is .van. _ 

>u,w*x./&>>' • ;a^tibpdy : such as. a.p^^^ Most preferably, the antibody is a 

. monoclonal antibody. 

: 2S -antigenic^ :An : mtigeme 4etem^ 

^fefpte to; wMch is directed.. Tfee antigenic 

determinant or epitope may be a B-cell epitope or where appropriate a T-ceU epitope. The 

" ; :: --^"t^ 

■:t7: l^^:;^ of the level of F#ra.gene expression and 



to: 1: 




• -^^^ • - ; • -39- • '^^^^'AMmkMCkM^&^m 

: sw*.,.^ , provides^: ^.jsmw of JFORS protein. Conveniently, 

pools of mRNA or cDNA are obtained or cell extracts comprising total mRNA obtained 
and genetic pr^es ^ ajpor 

w v v x : : . Reference to a "lever of FORS includes an amount quantitatively, semi-quantitatively or 
qualitatively determined. 

; : ^ -*r 10M and 

.or qualitatiye det^tion. of levels 
encoding FORS provides, therefore, an indicator that the cell is aberrant and is associated 
with cancer or has a propensity to develop mto a cancer. 

; .. the presence of cancer or cancer-like growth in a subject, said .method comprising 
contacting cells or cell extracts from said subject or a biological sample from said subject 
with a FORS-bindmg effective ambm FORS or 



■~ 2®;;' d^erniining ^e^eLpj|a FORS^^^ . 
... of said complex compared to a normal cell is indicative of the presence of a cancer. 



% a ^ a na« aiagnosirig^ tfie - - 

.;-/=^^^Ai^. a di^gif irt;a : ^Inefct/^d^etl^ obtaining mJQ^^mmW^f 



^ ••• ?M : v. said : ^bj^5^!pm a biplo^^ap^ 

and contacting said mRNA or cDNA with a genetic probe capable of hybridizing to and/or 
amplifying all or part of a Fore nucleotide sequence encoding FORS or its complementary 

icW; . ^p.^. :.^''^ e |^fe^f ele^d^ l^cl^ ^ 





:>;:' ; '.V::6-f: 

I, |.;.'f'.X : .'.V '«. 



:: v ^ antibodies, to detect FORS is the 

. preferred method for use in this aspect of the present invention. Antibodies may be 
prepared by any of a number of means, 

>.<5^^e^res^t:mventibh fuitfcar\cbf^^^ 
/ : : ^l^ejptide 
. . compete ^ with a test compound for binding to the FORS polypeptide or fragments thereof. 
In this manner, the antibodies can be uscwl to'dete^tbLe '^^CTLce of any peptide iSM i^re^" v 

= ■ :•-•-< ^:hbt litmtedito; >als^ys^«mployi^^cmly-F0BS^hat ;arei also appUcable ¥QJZS~; 
: ■• - .:} protem. : compl«es >A TJie effect ofdrugs on the activity, of this complex is analyzed. 

Following identification of a substance that modulates or affects pbi^ 

'■" " liuist^ , ^ 

-15; : :p^ 

. :;phaimaceutical . composition , oi; drug. These may be . administered to individuals in a 
method of treatment or prophylaxis. 



cancer targeting... agents ..comprising FORS-specific antibodies are fused, bound or 
otherwise associated with a cell growth inhibiting or killing agent. Such agents include but 

, , ' ^t 0 ^o^dlf 6r Ipbstetic whi^^t af p^Steiri dr%^sp<^i^ oi "^ — 

liii^ tag : .>:;x 

■r-v > • ^5 : : :vW : ma^^be ^lagent ^^pj©i^ o^RN^.^,^ . 

human FORS protein, wherein said antibody is substantially non-immunogenic and further 



- ;;-....„.. „.. ,., , »<:>. 



k&^^^M***, <::>»&mPW^y>*: V$iL,&®y$r' . inhibiting ,or cell killing, agent, fused, bound or otherwise 
associated thereto. 



^».5^:v : agents; oflthe^p 

^ : / ^ for : injectable ; use : include sterile 

aqueous solutions. It must be stable under the conditions of manufacture and storage and 
must be preserved against 
^fg^jj' ^^^"e 't^tilr^an be "-k ^Ivent or : ffliiotf ^ - :\ *k 

; w<10.?v ethanol, polyol: (for example; glycs^,:#^ . . 

md: n tiie md yeg^able oils. The proper fluidity can be 

maintained, for example, by the use of superfactants. The prevention of the action of 
microorganisms ciain fee brought about tiy vanbra^^ 
^ ^ Sbidpthini^^ inmymHrf:^ 
-^5.^vcas^ it; wllvbe preferable. agmte r 

..... qjiloride.. Prolonged absorption of the injectable compositions can be brought about by the 

use in the compositions of agents delaying absorption, for example, aluminium 

.UT: :^yj : i : ;.:.y.y ■ yi'/-. • - j;=-;}>v-.':^.t;v^ Vf.\7\ \:V: 



.-^:::; vV: ^ .-2(fe.feSt^Fil9 ;iiy^t^le-soh^^ inco^!^ , 

. **^>1I^M*E^ W ft?J^5?P?5??. ? Q l v ? nt with, the active ingredient and optionally other 

active ingredients as required, followed by filtered sterilization or other appropriate means 



on. 



y*h. U^img™^ iiKh^.,^ isolv^ts, 

. dispersion rn^dia, coatings^ anti-bacterial and anti-fungal agents, isotonic and absorption 
delaymg agents and the like. The use of such media and agents for pharmaceutical active 



incompatible nwifh'^llift^ 
: 39 cpnt?iijp|ated, 
compositions. 




^e^Bs&f^i^y^ 

^sevinotfi^t^^ v 
i can .also be incorporated into the 




The active agent is preferably administered in a therapeutically effective amount The 

- 

actual amount administered and the rate ma 



;-<Vyy^m-^- ggj^ e.g.: V. . 

: ; ;v sa?«p' ^fR^i-^ s %^ t^ically takes : ^punt^of: disorder to bg- Seated, .^&ran^|ttcm a 0f tlie ; 

individual patient, the site of delivery, the method of administration and other factors 
known to practitioners. Examples of techniques and protocols "cum Se fbunii in KeimiSgton^s'^ 0 ^"'"^^ 

t.r.j.v^i^,- £hus,.the^^^ 

other composition comprising FORS, a fragment thereof or a FORS antagonist or mimetic 
thereof or a FORS-specific antibody, associated witfi a c^l Ij^wth^ 

: ^ ' 

^^•h'r^r^S 1 :?- administration .of su(^ .y^ 

composition for administration, e.g. for treatment of cancer, and a method of making a 
pharmaceutical composition comprising admixing "sucK ! ""^"""suBstmbift ^ With*" 

^ ■ 

; ; . A substance identified , may he peptide or non-peptide in nature. Non-peptide "small 
molecules" are often preferred for many in vivo pharmaceutical uses. Accordingly, a 
mimetic or mimic of the substance (particularly if a peptide) may be designed for 

*■>:■■ : >25 : icom^ a *yead" A , A • , : . 

compounds Thisjtnight be desirable where the active compound is difficult or expensive to 

synthesize or where it is unsuitable for a particular method of administration, e.g. peptides 
are unsuitable active agents for oral composiho^ 





There are several steps commonly taken in the design of a mimetic from a compound 
& :*& < '^'^^ critical ^ 

5 e ,g. by substituting each residue in turn. Alanine scans of peptide are commonly used to 

refine such peptide motifs. These parts or residues constituting ; the active re^oii of the 



compound are Known as its 'phainh^bphor^ 



10 properties, e.g. stereochemis^y, bonding, size and/or charge, using data from a range of 
sources, e.g. spectroscopic techniques,' x-ray '&l$Kti(m'<£&'uui NI^CRJ' CompufanbiM 



anal^s^^ 
•^thefrffi^ 



15 



In a variant of this approach, the three-dimensional structure of the ligand and its binding 



rc^ be ^ew^ly 

: > : ^ha 



20 



' '^^^ tfie - 

• ^Mhac^liore ^^--ftiftidi The ieinpl&e^ .groups vgrafted:: :. : 

t .:~^ohtO:^^ • ,:> : ., 

. ^\^s^^o^^, acc^table, and dpes npt degrade in v?yo, wliile retaining the biological 
25 activity of the lead compound. Alternatively, where the mimetic is peptide-Sased, forther 



y ':■ "aye : i^e ; .targev: ;: -- >^ : . 
^ -^p^pi^to wh^e^^ 

carried put to arrive at one or more, final mimetics for in vivo or clinical testing. 



30 




- '^■&\'j-r& > --&'<*y -•^■•::fe^,::i-:^ :>vA .- - - < ■ .. . Xvt:.: ■• .• • 

Molo©c^y active 

. : °^ ?^i? 1 ^? t » ? r P f sma U molecules with which they interacrfej^a^ 

antagonists, inhibitors ot en&^ to fa&ni^ 

' &dSS:^fi^tioit of a^polj^^tiaesw 

fe.-.- Qnejpj^M^ of a : protein of interest 

: . . (e.g. FORS) or, for example, of a FORS substrate or FORS-liganid complex, by x-ray 

crystallography, by compi^ by ^ : comiiriati^^ 
-; ^ ^^ ; '^^^^ l SSSom^6Ti Veganiiiig tfes^ 

W : ^:^110^ . ; ^ : , Vv: . 

< . , : 527- 
533, 1990). In addition, peptides (e.g. FORS) are analyzed by an alanine scan (Wells, 

1991). In this tecl^ Al£"aii^itf'e^ 

o.i* pgj^e^ j 

It is also possible to isolate a target-specific antibody, selected by a functional assay and 

then io solve lis crystal stfiiciure: M ^ndpleTthis i^pj^aclr^ ■ "'■ : ?-^< 



. 20 altogether : bye<gs^^ : .^^idioj^ip smtifcodtes ..^^ti-i^s):. . to, . Ay $ ..ftmctiQnJil,, , f 
. . ; phantn^ active antibody. As a mjrrqr image of a mirror image, the binding site 

of the anti-ids would be expected to be an analog of the original receiptor. The ariti-ii couldf 
: ; ^^ ^e is^to ldeiify ^1 

Thus, one inay design drugs \yhich, for example, interfere with FORS activity or stability 
or which act as inhibitors or antagonists of FORS phosphoproteiri, or which interact with 

i:„ = • ^uep^suffipi^OT ^8?^^ , - 



perfoim such analytical studies as x-ray crystallography. In addition, the knowledge of the 




m 





m-- . seguence : prpyided.herein will.guide those? employing computer modeling 

techniques in place of, or in addition to x-ray crystallography. 

. : a/c(§U^^ a.. . ... ^ 

^:>:-;:-v: f ^^ n wild-Jt^pe Fqns gene 

. : or ?f ? ene ma y be introduced into the cell in a vector such that the gene remains 
extra-chromosomal, in such a situation, W 

&vs**.-to#r tO * ^ a;,,,,..^ ...... 

s>%- r^M-^ fy^ ^3gpMS r ^^M^i^^^lif l®^^ 1 ^- .^.^^ri,.^?- S -^B!?S??, !?J po^on thereof,. Js 
introduced and expressed in a cell, it may lead to the down-regulation "of the endogenous 
Fors gene present in the cell. > 

- 15 : ,xThe- te^^f'dQWTreg^^^ys used in : i^ : .mp^^ge^erici: s^e^d^i^^ : 

the transcriptional or the post-transcriptional level. 

: - ^Vectors for ihtrbdiictioh bf gefi^ and for: extra-chromosomal 

a? electroppration, calcium phosphate co-precipitation 
and viral transduction are known in the art and the choice oFme&od is^w 

: ^ .: ..; . . ^.^^^J^^^^f!^. 5? j^?^ *° down-regulate gene expression and thereby 

decrease the amount of the expression products of such genes in "cani^^K^Si^^me ' ^" 
tKialiiy" is pS 





V .3.O., ... .... 



xiimini 



P^pt^J.pfCVJ^ZU3I9S67.^i.ai».pov.<ioc-lVi2AU 



One for of gene therapy is carried out according to gene^ 

analyzed by the diajgaostic methods described above, to ascertain the production of FORS 
polypeptide in the tumor cells. A virus or plasmid vector, coii^iili^a'c^y of WzFioi^' 
Ipne tmked lb expressi<&" cb^ 

, . ^atept^p, 5*252^9* fajtepatioi^^ and y U r S, JE&tept 

19,. ve< * or is then injected into the patient, either locally at the site of the 

tumor or systemically (in order to reach any tumor cells thatmay 'fiave'M 

. > ,.v-v present inveniton further contemplates using sense sequences of Fors to induce co- 
15 suppression or other foimsofpost transcriptional gene silencing as well as any mechanism 
involving RNA 2 and/or epigenetic mechanisms to silence gene expressibiiV " 

^ .^©^^ftaitefer systems; : knq\mj^ 
. methods of the present invention. These, include viral and non-viral transfer methods. A 

20 number of viruses have been used as gene transfer vectors or as the basis for preparing 
"' gene l^fer vrctbisrihclu^^ 

: ^ *#H533^^ 

:.v % : 19S2;^ G^gl^ ^^^fciani -^J&qL.^^ 

: ^66: ; _ 4407-44 ji2, 1992; Quan% etal>Proc< Natl Acad. Set USA 89: 2581-2584, 1992; 
25 Rosenfeld e/ a/ M Cte// 65: 143-155^1^2^^^^^ elf a/., A^cfe/c 2^ 

- ■ - ^W^^.25^ .. : 

, gd^n^^sodated yiru? Microbiol. Immunool. 158: 97-129, 1992; 
30 Ohi et al. 9 Gene SP: 279-282, 1990^ Na^e Gel^iics W'fl^^ " >: 




■ 



.^^^xj^^mzt: <> ...... 1 • .•• . . . 

'v.v.v -. 'W.V.WAVAV. v,;v.x;.'.;vAv -••>.•/■•■:•:•>..,..::>• • .•• • :* .. ^vf-'^gz^y::-::^:^^.^.^^..";: 

....... ................ , . P-Wpa^pwrtaxaW 



Immunol 158: 67-95, 1992; Jota^ 



rt^.^:^^-' . S indbis and .S^s^q^ Fof^t. vuvs ^ (Berglupd &^> y Bto&^pl€wJl; 916-920, 1993) and 
retroviruses of avian (Bandyopadhyay and Tei^ 

^feft^ ..I98|; ; ,,.... ....... ........... 

1043-1047, 1991; Heiseih let tl, J. V^ooL 64: 241fri42C 1 996; F^'^' XWoiWr 
^70-5276, 19^f ^^^^er P^^it; t£ Pint^6: ^l^^- 1982^ ori^h: ; 
■H^^Mosi hixrti iminnesret^ 
v : ;; : = !: i .^though ^eppviru$:£Qid.aden0rassQciated;vjr^ are also being used. 
15 . . 

Non-viral gene transfer methods are known in the art sucK as ciieniical tei^iiruqiies 
" "' ' 'm^iidmg c&iui^fo m^liardcart^MiqueS^ > 

: : -iiyection^ 

^^^^7?55^W^g^^^t^gg|^ Viral^ with direct 

.. in vi y° 8 e ^ e transfer using liposome delivery, allowing one to direct the viral vectors to the 
tumor cells and not into the surrounding nbn^dividing '^^^MWSbS^f^'\SA retfoviraf v 



'■• c>v:.^. sputpe^pf yectpjfepa^icles , t . v . ^ v . 

25 In an approach which combines biological and physical gene transfer methods, plasmid 

' " " : " ; ' : V ' ^ SfA V o?my^ze ^M^b^^h a polylf^ foW • ' • 

^adenc^^tB^ ^ 

r?^^v^ e ^l^^^ is 
30 damaged. For other techniques for the delivery of ^moviras ^ 




■ : : • y>yjyyyyy y' ■:■ ■ - : ':■}■■+.. y:A- . 



• .w'vy'v? '.*- >yy.y^yyy^y--y y •: ^x- - xi;::. 

. .- ........ ... '!!..;.! IT-! !•!-!'•' •*""""" 



Liposome/DNA complexes have been shown to be capable of mediating direct in vivo gene 
transfer. While in stanSarid liposome 

:: - ; -'lbcal&ed' : ^ 
4: : fo«ng4irect-^^ 

Expression vectors in the context of gene therapy are meant to include those constructs 
containing se^^ • ? 

vh^^^ siifiM^f^ 
? packaging ;c* th^ 

?'ft e .^8^^Jfe8J^-?P?^!^ ft .orcmtisense polynucleotide or a ribqzyjne or 
DNAzyme, expression will produce the sense or antisense polynucleotide or ribozyme or 
DNAz^ne. thus, in ihis context expression does nbt re*f^ ■ 



..al^cqnta^^ } : in .^eigl^^ clon^,fQl^u.Q^^4e ,,,, 

sequence is? under; control of this promoter. Suitable eukaryotic promoters include those 
described above. The expression vector may also include sequences, such as selectable 



: . : ^ cells receive at least one additional copy of 

—•j gene ^ in sense or antisense and/or combinations thereof, so as to effect interference 



v . the 




additii 

<- '.-*:^'\ : ^v1 V^- *V'- :: ^.^'^l^. 'VKY-? : * '■' . 



Accordingly; liTthis^ 



" " "* ^ne present invention contr" 



' ' " v such >as cbniprisirig antisense^ ^sfense^and^ 




m 



-rrr 



^^-.jwv , . directed to modulating expression, at the transcriptional 

or translationa] levels, of nucleotide sequences encoding a FORS protein. 

- a. genetic composition comprising a genetic construct which down-regulates expression of 
a Fors gene encoding FORS . 

vl : jl&v patient h^hgypa^ 
•f ^^- :. v -. ■ •> .JfM^po^^glJ. raf^^j^p^.^^3,etic. opps^ct comprising, a nucleotide sequence sub^jtanlially^ 



■ * •■••• > . . . : 



as set forth in SEQ ID NO:4 or a fragment thereof or a nucleotide sequence having at least 
about sintilarity to SBQ E> after opi^ 

- : 

--IS, • ^nditipns^,^^ r ^ : , , , ; , . ... 

Reference herein to "expression" includes down-regulating the steps of transcription, 
transit ^ 

constnicts to: FORS, which induce ^suppression of i the r ^ri/gene o^nduce: RNAfe -.- 

20 , : ] 



in another aspect of the present invention, cells and animals which carry a Fors nucleic 

' v ' ; ''^^ii'lqi^l mie usetWrradei sysient#l^y-^^^ ■ 

■■■■■ jEtot^k]>as^ttief^atic agents:, Gells-raa^ Jofeexample^ iRdiyidu^s: ; 

or, iri an. alternative approach, an aberration in the Fors sequence. Mutating or deleting the 

' 'i^re'gene"oV'an'a^e :: ^^ 

■'^ : ^ut^u^^ya^ ; Ma^ : ter^ sW : &-^&^*nu^o$^^ 
r; sense- ».vin^ad.es.^ 




gene silencing. 



The term "aberration^ --- ' - - ?: " § ''■ '"- > 



: s5 ■. ■ ;! ''?>.-^: •. - . ~~f~.T7~™\ uimm*uvuu mvj u-uijli^ uvivuuus, insertions, 

point mutations arid substitutions arid non-coding Ic^oW 

>,^^- ^ : ^h^ 

^aoStheiie^^ 

:rcB =%#IP?j^^ J^^fe?^^fe>j^!|^ 8 !^J!^>|S!?S^3? > m(Rtotif?^ A are those occurring. 
.^.L^? 1 ^? .^f^'.^S-. in the tumortissue and are not inherited in the g^-toe. Gerrn^ 
une"'muMons cM 

■ ,.10.^5^^:ideJetion)i s can/ be^scMiMedifot; ;PJher ^tatip^ : .„ ; . 

J!?!. lf)rod " cts may ^ ! ea d to decreased prevalence of a cancerous state. Wintm^ < <? ' i: " 

" events may occurWre^ prOmbteV' oflil '^i^or m'M^^ k : ^'' 

^WMe^^ iieadmgytb loss brdimmto 
a5;::^lso:;abo:lish proper ^Aprpcessing::^ 

«^i^^^S^nW4.^^«i translation Efficiency, Point and other mutations may 

also affect proper RNA processing such as intron splicing. " :> "" : 

. ....... .„•:.:,,. .. y :-,.^-V,r.^i^.,V^^- , • - .-. ^ " : .--.< ^ =V ^ :?Y, 

•i w^fter a tes 
?0» : ;i(^,cell determined, ; Any trait^ 

, ir^^ing ^J 10 ™?^^^^* tumprigenicity in nude mice, invasiveness of 

cells and growth factor dependence. Assays for each of these ^ baits are Imown in mearP'" 4 

;• . 9i:^^^ntofge^ : -^ ^b^fcfi?,?^^ w^mMfm,. 

A:hM^%.^^^^^.t^^ d .. ! ?^l^^ e ^ and may also include insertion of disrupted 
homologous genes. Altematively/an imdogCT 

'■•'''■''■'^^^ti^M^'-^M^ ^1nu^on : ^W '^m : er ge^tic '••ia^^ : ^ti^^i^&vte|^%-V^^ 

, S®- ?® ^ ^^l* 11 ? 6 , is ; a ^. d ! dat ® therapeutic agent for the treatment of the cancers " 



5?' 




identified herein,..TTiese animal models provide an extremely important testing vehicle for 
potential therapeutic products. 

^v^* si ; a ^I^^^SlSRWfi j !R$3^ 0 #*^^ s ^^,P^4HSf?? ?^??^. e * i ^ the jxresence of 
FORS, or for Fors sequences or the presence of nucleic acid sequence differences from the 
hoimai igene using ii^ Citable te^ nSf limited 

. L ;. v ^ ^aly$is ? RNase : . ^rqteiction assay, allele specific 

oligonucleotide (ASO), dot blot analysis and PCR-SSCP analysis, or DNA/RNA 

-::v4:^« iAn^altenrntj^ 

complexes. The partners in the purified complex can then be eluted off and analysed. 

Two-hybrid screemng is particularly useful in identifying other : 'meiiiib^isl6f ^Uoche^cal' 

:*-' . > : br i^rstf Two^ybridkvsereem 

inWbitors ; can be carried out using th^ yeast two-hybrid system, which takes advantage of 
transcnptional factors that are composed of two physically separable, functional domains 

. . jsqgatt^te. .fissions of the GAL4 domains to genes encoding potential binding proteins. The 

fusion proteins are co-expressed, targeted to the nucleus and if intentions occur; 



^»atibnW^^i^^ 
. <:W: :-:for^*anfipleii: eerevisiaeHs ^tafeifeimedi^itiX' a .library . ic^Svector ; expressing ? a. : v . 

domain fusion. If lacZ is used as the reporter gene, co-expression of the fusion proteins 




:r :.:^; ,: :v^: : ^ , :i>w-: 



• »•••- — - 111 1 111 ■ aaffi > J 



, .^ will produce a, blue, color. Small molecules or. other candidate compounds which interact 
with FORS will result in loss of color of the cells. This system can be used to screen for 
smdl molecules that inhibit the F w 

BiotechnoL 16(10): 946-950, 1998). Molecules thus identified by this system are then re- 
tested in animal cells. 



IQ. :{i£Fhe present inventiotfte 



; - -.-3 
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EXAMPLE 1 
Reagents and mice 

Antibodies used were as follows: affinity purified rabbit polyclonal anti-phospho-FKHR 
(S256) antibody (New England Biolabs); mouse monoclonal ahti-d-tubuliri antibody 

^ " yw> |cidne B-5-1-2; :; Si^a);""^ 

insulin were purchased from Sigma. . 



Mice 



15 



. a/, (2000), supra. Nulliparous female mice were aged for 8-12 months in standard animal 
facilities and were sacrificed when tumors developed. 



To explore the potential mactivation of the FKHR transcnption factor by ErbB receptor 

: .^U.^.f^t^igti5;-t xyere :0^t^^by^.. v 

sodium prthovanadate, 10 mM sodium fluoride, 20 mM P-glycerophosphate plus complete 
protease mhibitors (Roche)). Lysates were clarified by centnfugation at 16,000 x g for 10 



: : ;^ i : diquid?mtr^ 

. prior to clarification by centrifugation. 




. .....v.,., X ..... . ■ . --"^^^^^^T!^^^^**"^*^^*?* - ^^?* 



j ' "_ .... 

A • • • -'. . . --V •.- . ............... s.-A- 



• * . _ _ . •: :• 

vvvw -^^ - 54 - : .... 

:..r v; . 

For cytosohc protein extraction, cells were lysed in hypotonic buffer (10 mM Hepes, pH ' 
7.9, 133 mM sorbitol, 0.5 mM sodium fluoride, &5 mM 

protease ^ibitd^(R6lH^'- lefi%^ iife 
md th^ c^^ Ifc^ypeHet w^w buffer;:, ^ 



*^*^^»H)*:5X> . ><>:-.:■:,: V,.: V^*^^N FKHR Otttibody 



,^? E W^y l™ 10 ^ !y s ^tes were . analyzed by Western blotting, using an antibody that 
specifically recognizes FKHR phosphorylated on serine 256 (Figure 1 A). 

•i ^^v s^ftrni^'- prote^^CT^ blotted onto polyvinyl^ J^ty^^. , : 

blpclmg w^ in PBS containing 0.1% v/v Tween-20, filters 




■^ : 'w#p^ buff^ 
- 20- inei^fo 

.-. ■ :.--* ..5-. v -:C":-:". : . " ; •. : , '. : :. ,:.*^ A ^: - :*..".;".;: ^VX*; • " • . .. %: 3£ : -' :■ .r ........ , 

No signal corresponding to FKHR was detected in tumor or adjacent 'mmna^''i^B£}iS^ 

: . - . 25^ =a^My^^ with lda^kRiprotem^ 

r jr -"^Ite^SSs-SrrjgMDqE^I^SX -WjHan*™?^Kir-tfW9M^. as ^shqwn in Pigure I, Western blotting with an anti- 
. ,Neu antibody, conf^ 



'v. v/v 30 - dentin: the, to 




:^5: ; :>:-S:i^:^:»::i:;"!:^-;:;:; 



P gur 
5C). 



. ¥r .. r ^ , related. protein. TWs ; a serine residue lyipg in a 

conserved sequence context, given the specificity of the FKHR-specific antibody. 



In order to identify the protein cross-reacting with the phospho-FKHR antibody, an 



- . :. equal: amounts/:;0£,;protein..vwjere..;inpubated.^.with.x specific . 

: antibodies for. 2 h on ice. Immune complexes were collected with protein G-Sepharose 

^-.v - , ......... ■• - • :• • x-- •.. .;. . , x.- : > . ,. ...... v* .; : ; : x- . .. - , ••- . . .. : . 

(Pharmacia) and washed three times with 1% NEB. For phosphorylation analysis, immune 
complexes were fuMer washed Mth l0 iM Tn^ 8, IGOmi TS^lft^ - 
- ■ v : uMbtod Wthi^ of aMlmfc.phosphat^ 

s :r:20' :: :,37vGv: Execipitated proteins ^^^e^^;by x ^^ing- in, saaapig. ^^^^d^^subiec^ .. 
. ^ ... ; ^|9 sp|toi^jic^ggyl ^trffete ; (SDS)-i^lyac^l^de gel dectraghoresis (PAGE) using 4-20% 
gradient gels (Novex). 

•* >. '* -25,- : . imi^oprecj^i^^ ^ .im^^t^^^l^ Wjas v 

..therefore devised, ^ 



and molecular weight of the protein. Since the 35 kD protein was demonstrated to be 

t^hditibhs that ^ cd^patfe 
r :C: 3,0 • .^KB^cyt<^plx W ^^ 
isoelectric focusing method,. 



&ix-: 



. . xS 




■ , ^i^ ^.. , ,rr..i.,' ■ , 1, -■■ ~ 



„,FFE was essentially perfonned as described in Hoffmann et aL, Proteomics 1: 807-818, 
2001, usmg^ 

<i , : ?v - ^ L-arginine and 0.02 M L- 

^lysine. For preparative separations, the sample was diluted to a final concentration of 
approximately 6.25 mg protein per mL Mectrop&ra ^ y 

"' ' raSe'bf i;4^mihnih i^-acdnsti^ ' : -h-c m :*fri-t-$^yy£fr, £>:..-•: 

■;■ : :T3us \ contiiiuous : : mode .of. is.oel^tcic, fociw^g is e^pe^ially advantageous for protein 
purification when large volumes of cell lysate are required. As shown in Figure 2A, 
Western blotting of individual fractions using ifte^pfo 
"V.' nfrireser^ with%iiiMit " i^elfebibSc iobi&mip^ ;td^- 



To test whether the 35 kD protein could be effectively separated by reverse phase HPLC, 
SKBR3 cytosol'was suh)e<^ 



^^iBc^fr^tidris/as' sho^WFigure'2B>* ' »w-*^&"^%frs<*. . 

: : ^Ipr preparative ^pq^c^^^j^t)^ 35 kp protein, 275 mg of c^tosolic protein was applied 
to FFE followed by RP-HPLC Fractions containing the 35 kb protein were identified by 



mg) and siibjebted to 

.;. 2Q P C. .After i^ntrifugation at 16,000 x g for 15 min, the protein pellet was washed with 



acetone, briefly left to dry and resupended in sample buffer. A large 10% w/v gel was 



..*•" i^;*- "v.=> . ; .>V; .x-V^:..' ' -:> . ..... . 

* " • 



■. -Ax:: • 




¥ : , V -, V> , XK ::^ were excised, digested />i situ with trypsin 

and analyzed by tandem mass spectrometry. All peptides from band #1 matched an entry in 

' ' ^^^'^ 'th^T^^^ pi^cte^ 

sequence surrounding serine 256 to which the phospho-FKHR antibody had been raised 
figure '2B>r^itost i^o^airtly, ifris sequence in Q^§6§ 
/$ ? : ^ WM' S256- m : 6bt^tt^^^hi^-sc^re^ ift >the^ > 

this serine residue, would cross-react with the FKHR-specific antibody. 

Sequence analysis of Q9Y365 predicted a molecular weight of 40 kD and a pi of 8.55, 
higher than the experimentally observed values of the 35 kD protein. No sequence 
'"' *'* wvlrage^f tfefi^ 

: fiOTi the ^ protein o£291 ami^ a % *..>- 

2Q r :; . .-th^reti^l m^ss p : f ;3 : 31<©;: and ..a . pLof 6,7. ; Th^£^^ ^pynttfeg . 

presence of phosphorylation sites, which would render the protein more acidic (Figure 3 A) 
and would decrease the electrophoretic mobility in SDS-P AGE. 



" ^ F ^vas genOTat^ by ? RT : ^ . 

,.M .,::RNA -de^ i^ , 
RNAzol (Tel-Test). First strand cDNA synthesis was performed and Fors cDNA was 
ampiified by PGR using primers based on Ae CGI-52 seq^ 

^isi^^f^ : &Mx- was 1&ft^lfi#m^ 
H: : :A^}-r' >. -..%, i -pB^^um fb^^pi^sioh^ 
^ . 30, .l^e^nu^ 

facilitate recoenition. 




Remarkably, transient expression of the HA-tagged expression plasmid in 293T cells gave 
rise to a protein that was detected by ti£]S^^ 

reactivity. This suggests that serine 259 in the 35 kD protein is indeed phosphorylateA 
Thic nrntpin wnc tWpfnrp tfirmeH FO^f? /fnrlc head related seniiel 



this protein was7ffieirefore, termed FORS (fa 

: =: =10 k Although the mistd^ 

; 5^ra : caraiQt; be mledciu^ Pg^^&p.mojuse homolog of FORS, cto^^M a291 amino ^ 
acid protein from a mouse testis library. The mouse sequence does not indicate the 
presence of larger protein since there is no open reading frame encoding an ammo-terminal 
> : e £t&moni di£^ t&&> f t'£$ l 



. .., .... . , ... .EXAMaEi v .. 

Northern analysis of FORS mSNA 



P3i^/^ liii«^ahdrNorthem. -anal^s,; was , *v *-\* 

> v ;20 ^perfbim^^ m.4557^64, : 1^ . 

,,gply(4)*^ ^msferred to 

Hybond N* (Amersham Pharmacia Biotech), and hybridized with the following cDw£ 



^5,4imatiplev P oly(^ 




• . ; : :v.v.x 



EXAMPLE 7 



c^^«^^ **** ■ #; - !, ^ s8fi& 

, : . mi<?e and 

in breast carcinoma cell lines using an antibody that recognizes the protein in a 
phosphorylation-^ muaiSn^ iPo aetern^^ 

■'dcfeum 

High levels of Fori were fbiinl in tfie celi lmes^ were ^iHSusly 
. . HBL100 ? : Scp2, J E ph4 and HCU). Interestingly, all cell lines that over-expressed ErbB2 



mRNA were established to have higher Fors levels. Fors over-expression, however, was 



also noted in cell lines without a cbftcomitarit increase ixt 



."■ if- : "'<: • 



: .:20.^v An^ 

:> :: qf j^oinsnai^ht also ► Ibe a feature of this tumor tjpe (^igiire 4B). Several cell lines expressed 
Fors to a level that was comparable to that seen in SKBR3 cells. Mbwever, there w& ho 



fiii j IViTiV try 




mm 



293T, NIH3T3 and HER14 (NIH3T3 transfected with the human EGFR) and Bosc cell 
lines were grown in DME medium containing 10% v/v FBS " , nttt«ti ™a 



For transient transfectipns, 293T cells were transfected with Fugene reagent (Roche) 
according to the manufacturer's instructions. 



EXAMPLES 



... <ti 



Database searches identified the presence of a Start domain in FOKS (amino acid 21-226)* 

h$5ft* Sf^/TfcebSt^^^ and 49% .siralar to^to^hjp^ Pctp 

. (phosphatidycholine transfer protein), a 214 amino acid protein which consists almost 
entirely of the Start domain. Unlike Pctp, FORS has a 65 amino acid carboxyterminal 
extension (Figure 5A). 

20v To generated antibody specific . 
, hemocyanin (KLH: SigmaVcoupled peptide encompassing amino acids 265-277 at the C- 
terminus downstream of the Start domain. The peptide ESAVAESREERMG (SEQ ID 

^:1) co^^ r 



MiScPlv^^fii^^ .^vs:0itl^si2ea 

m. (AllSpep):. fpr ^^ng v |p A :;jig^ r ^^^#V ^ . 

Succinimidyl 3r(2-pyridyldithio)propionate (Pierce) and added to peptide that had been 



reduced and purified with SepPak columns (Waters). Two rabbits (# 419 and 420) were 
injected subcutaneously with 200 jig p^dde in complete adjuvants and boosted m 



week 



\^r^t^t^ ^ 



, to Sulfolipk coupling gel (Pierce) following the manufacturer's instructions. Elution was 




******* . v.w. :• • 

%^>&»v*&.\\ : ,.^vcamed < out^wjfii.lOD v inM glycine, pH. 2.7 and antibody-containing fractions were pooled 
and dialyzed against PBS. 



-v.:^:;.::, >,:.**. ,:*.*r 



Upon affinity purification, both antibodies were found to specifically recognize human 
FORS protein ^Figure & epithelial "cell ^^^ ti6imtmed13^ : 

W;, ^M., -idv/.-^^^ig^^®):^ ■: .*.v^ -iter* -* =:i«:^-;v : ^ 

Immunofluorescence of MCF7 cells was undertaken, with a FORS-specific antibody, using 
confocal microscopy. Cells were plated onto covef^fips m : 6%eli'-S^^ : 



:15 . 



v*: ''i*:::"-><" - • 



serum. (Hunter) in PBS-T) for 30 min. Cover-slips were incubated for 1 hour with affinity 
purified FORS-specific polyclonal antibody (#420) diluted in blocking solution. After 
washing with PBS-T, cover-slips were incubated with anti-rabbit secondary antibody 
5 Jackson .r&^M6iy)v'-''/8$l$ :,;--wer<e„ ;• 

. 20: counter-stained w 

: pnto sMdes with jluprescgnt mptmtgig. i?iediuin^a|cp Corp-» C^interia, CA). .Qells were 
examined using a Leica Corp. TCS-4D confocal microscope. 

.? v sorttb: staining in; :the:; nuc : . ■ 

> .J.-2S:. \^tpx^^gl^i^M§:. also: ^pear^ : t^ at &e, : bo 

: . (Figure 5B). Scansit-$ sequence analysis of FORS suggests that the carboxyterminus may 



harbor a PDZ domain recognition motif. It will thus be interesting to determine the 



'* •** ■ ':^*!v^-^v^^^*-^"^ ! ^-:A?-. -. : * i .-<■.•; *.**.,":> : t:>'^,-:-.v-> : '* -•: vr;;::-.;:..-:. : : : -/; v -,.', 



' : m:*:*s' 



*.V*:-:; 



— • — ■ .'. ......^ .......-•v.;-^ 




. . ifor? cooperates -with ErbBl in cellular transformation 

• f S ihvestigate fte effect of prfilii^tS ^riSK-i&fe^^^ 

HER14 cells lack FORS, determined by Western blotting using an anti-Pctp2 antibody 
which recognizes both the mouse andh^ v^^^rs" 



- ^0 ^cfc^o^^ 

- / c^eUs* Gro^^ (9$ 
; well plate) in 100 |^1 culture medium containing 10% or 0.5% v/y FBS. The absorbance at 
490 nm was determined with an Elisa plate reader after addition of 20 \d MTS reagent 
(Promega) and incubation at 37 a C lor 2 hbui£ Growffi iri : ^£B£%fiiil'''aa&f'' llii&itin|(^8^ru^ir * "* ; 
"'"15 condKtiohs " w^ I^pressiBtf^ bf ¥<Ms^(Fig$r xi& ~ 

=r difference observed.: when B^wa^^ 

. v : ^ym,u\^5?/i seriim, compared to HER14 Puro control cells. However, Fors expression 
was found to enhance anchorage-independent growth of both NIH3T3 and HER1 4 cells. 

* : 20 ^"^^^^^yft'-agaur w^llM^iMs^^#Ubwsf 5%' JO&fbr lifte^ahd 2*5 x 10? 

. uh^^; Jot , 
. /; V:V _m^ijra ^pglmi^nted with P3S^Dift9 agajc oyerfajfing a 2 ml 0.7% bottom, agar. For 
stimulation of the EGFR in HER14 lines, 10 ng/ml EGF was added to the top agar, The 
cells weire mcubaied for four we^ ariH reefed bh a w^dicly feaiis witff ^OCT^ii tul®r# 
mi^iffi : t^iii of wiAafil^Ql^ Mit^ltf Ktie^). -Cells ^ore'ftlifiBi 4*y : fc&&tioiTdf: 40Q;:fiL- 

- PBS fcdtttainina 



. 0 . using,,*, .Nikqn. SMZrU microscope connected to. an Axiocam digital camera (Zeiss). 
Photographs were analyzed using ImageJ software. 

: -3tr intfMbtib^ small <xflbnife: when : v 

v?; ; : r;;^ p^abl^f gro^p|4^?oft, , : . 



s:. : '.vM 



agar and colony number and size can be increased by ttfe addition of EGF. Expression of 



, -5,: feature of cellular transformation^ and that it functions synergistically with the EGFR. 

r'^-l^ry^ ; advaixtage^^ , •-^v^h,= ^#^-.v - 

EXAMPLE 12 

^^j^jj^ breast cancers " 

« A- ,polyclonaI>.,aiitibody,.,^highly specific .... for. : FQRS by... W^ot ...blotting . and 
15 immunofluorescence, has been generated. Using this antibody, staining of histological 
sections of human breast tumors addresses the question of whether FORS up-regulation is 

■x m jj^j tola^f^g^ ^Ifro^stid *fcer^T^^ 

# ; itfthe F(^^ colpy ? p^noma*. l&^efV . .. 

20. carcinoma cell lines. Moreover, screening of a cDNA expression library derived from a 
human colon tumor patient with autologous serum identified auto-antibodies raised against 



25 Those skilled in the art will appreciate that the invention described herein is susceptible to 

V: va^& 
?fct \ * include' all- « 



.this sp^ification, individually pr : ^tt|^yel^ md any. and all combinations of any two or 
30 more of said steps or features. 
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Band#1 " ' 
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36.5 kDa 
^ 



." .ivv 



Q9Y365 QHADSLENI DESAVAESR 

-i : 4dentfty?-6/(33 : %)^< =.^":v : 
Strongly similar: 6 (33 %) 

Different: 4 (22%) 



[SEQ ID N0:2] 



mm 



*■* - V:.:.?y" :.:Y&": • :>\\ '":.'JL ?ye. fiC',V -. ' 

--v v : v;-**; .v-s 



■ If**-. 
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w " — • • - ~ - - - 

. o 

X 2 

h- 1-* ffi 

£2 « t£ 

CD o CO 



"-.:::.:>: ,"°>. :'■->* - "■" :">. : !' : fiv '-:"7 :: " i : .'. *"•.■:":':" 



293T Flag-Fors 



...... ~-. WB anti P-FKHR 



. IP Flag 




i 2,3 4 5 6 7 8 910 11 12 2 - heart 



<:a>- : X:, 



4 - colon 



5^ifiymus 



7 - kidney 

^4 9 - small intestine 



> ; 1S 9-smallint 



.Mi 



_ 1,4 kb 



11 - lung 



x : ::i : : 



w. • . • 



■•; 





/;> ; --^.x: -3..- .. ^: . Y"\A-->- '. % >., 



Figured 





: : - w - ^\V-* .;^V--^:/ ^ *' * " P? . * : : . - > : J ' ^ " ' ^ '* ? : ^V>^C&* ^ ^ 

ErbB2 




_ 4.5 kb 





.< 

„D.. 
WD 



Vi£.: " ..ri" 'V^': • ' v£ v?- ' ^ V'.' 



Q.U.S 



O-<0 
Q.LL 



Q.LL 
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" .^^::.::^':^;-:■x^?;C 



.:<v;x- 




CO LO 

o § 60 00 2 00 o> 2 m 

X. 2 I S .5. 2 2 . J^.-SV.yJN 

:%x ■ ^^.^jC. j^ptb*-.: 'gS-- r .-<^--v^ =^^"^^1 |^^t8^h& • V^>2^^^ 




:.v:*. % >* v«.V.v 



; '"-.5 



....... ; V. S . . 



> '•"*■ * * " *• V ' . i ^ I - • * • .** * 1 



:-.k, 

"* >:' : • ■: \v^:'. v .:wJv:h*^^'.C. • '^-Vx&.-.iil 1 ; 

Lii— ,w -V ' 





lf'S:kxx^ 

■ XXxX -■• XXXXX- >' " xX;X : Xx X-- ?. Xx#xx. 'X#xx*XX : ^ ; £v##:x xXi : ';>v. xXX ; x*3XX* X'^xxxxX-^X X?X ^ ■ ^■<^ m- v ' X : "XX M> : XX' . 

HER14Puro 



:%;:Vfi 

•-XX 



::rv.: :x r 1:4:--. { : : : . : j> : •-. .2d5&?£- v '^v Y .^^^^^^^^^••;•^.' X%x- 



'5^v..,/^-£*'- XXiXX 1 t $v .".>" :/ X* ;, ; :X : X • X^-: . ' x}-: ;.-> XX.x\ .' 



7 . . 



HERT4 Fbrs 



I. 



;■ ,^ ^ - * *T: -• • # VA- . :::•' 

. ■ • ... . • •' ' K" 



. ;-xx ; ,: 



X?X:jT <- Pi-. i t t . • -J >X. <i 



; ' " . ;■ ; ■ xX : X -vCirr.. ^ - v "... • 4^.'. ' •"•:x V- iXXV ^ ^ ;.X 



' " > ' X* : 'X : :v •' Stf.&t . * > : " 



• : X' \ ■: •'• V- : *. • 



: X X .-i5» 



ft* 



.; : .X:-xx:x-x'x 



x' xx:'x- • ' : .X : -— ' 



'-:^xX.;V; 
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